A simple methodology based on several key variables of groundwater chemistry is used to create a water quality index (WQI), with the aim of monitoring the influence of industrial and rapid urbanization on a typical rural settlement. The applicability of the constructed indices as an assessment and communication tool is evaluated in a case study of Gajraula and its suburb of JP Nagar district in northern India. The water quality data from 2007 to 2009 were analysed for 12 different locations surrounding Gajraula for two seasons, i.e. wet and dry. Five point rating scale was used to classify water quality for each of the study locations. Rating curves were drawn based on the tolerance limits of drinking waters. In the present study, the WQI demonstrated a modest increase in wet seasons (August to November) than dry seasons (February to June) for all locations with a few exceptions. Hardness, total dissolved solids, NO 3 À , biochemical oxygen demand, and Fe in most cases were found to be responsible for the decline in seasonal WQI for various locations. However, the WQI around Gajraula varied from 50.6 to 87.7 and was found to be satisfactory except for some locations.
INTRODUCTION
Groundwater is an important resource of water supply throughout the world. It is a major source of drinking water supply for urban and rural areas. Over a period this resource becomes vulnerable to industrial toxicity and human activity, gets contaminated, leading to adverse consequences. This is of particular concern to rural homeowners, who use shallower wells around industrial regions that can be easily contaminated with industrial activity. The shallow wells are by far cheaper to construct than boreholes and are thus generally found in all poor/ remote communities (Pritchard et al. ) . In addition, rapid industrial establishment at Gajraula in JP Nagar has made enormous ramifications upon the habitability in its surroundings. Industrial effluent from Gajraula particularly, distillery effluent coupled with municipal wastewater is directly discharged into the adjacent surface water bodies or on land for irrigation, which has a huge potential to deplete the water quality and obliterate the adjacent biodiversity. To address the above concerns, the concept of water quality index (WQI) has been developed in many countries that can be used to indicate the overall water quality conditions. Water quality indices (WQIs) can be an extremely useful indicator and communication tool, particularly when considering the possibility of incorporating drinking water standards frequently used in pollution policies (Stigter et al. ) . It ascribes quality value to an aggregate set of measured parameters. The index consists of sub-index values assigned to each preidentified parameter or variables by comparing its measurement with a parameter-specific rating curve, optionally weighted, and combined into the final index (Yagow & Shanholtz ) . The construction of WQIs for groundwater is described in the literature by various authors. Backman et al. () present an index for evaluating and mapping the degree of groundwater contamination and test its applicability in southwestern Finland and central Slovakia. A simple WQI involving nine parameters is created by Soltan () to indicate the quality of groundwater from 10 artesian wells located near the Dakhla Oasis in the Egyptian Western. Banerjee & Srivastava () determined WQI along the stretch of a river basin to evaluate water quality. Therefore the information on water quality and pollution sources is important for the implementation of sustainable wateruse management strategies. The objective of this study is to show the application of a WQI for drinking purposes as a monitoring tool for assessing the impacts of industry and urbanization on rural communities and adjacent environment.
STUDY METHODOLOGY

Study area
The location of the study area is indicated in Figure 1 are situated between the 'Choya' and 'Bhagat' rivers. These locations were selected on the basis of distillery wash lagoon that is a centre-point irrigation system in the north.
Ahrola (GW12) sampling location is about 10 km away from industries to the north. All these locations are situated close to paddy and sugarcane fields.
Analytical procedure
The water samples were collected in triplicates throughout the study in 500 ml glass bottles. Bottles were washed with detergent, rinsed with tap water and soaked for 48 h in 50% nitric acid and finally rinsed thoroughly with deionised water. The water samples were collected to the point of overflowing without trapping air bubbles. The samples were filtered through 0.45 μm membrane, acidified with a The water samples were analyzed in the laboratory as per standard procedures outlined in APHA ().
Index-methodology and rating curves
The methodology developed for the construction of the groundwater quality index (GWQI) was first shown by Ribeiro in unpublished work. Similar to other index construction techniques it involves three steps: (1) selection, (2) standardization and (3) For example, the pH of water is most important to the chemical reactions that take place within water and its value that are too high or low can inhibit the growth of microorganisms.
Oxygen is the single most important gas for most aquatic organisms and for self-purification processes ( Hardness is an essential water quality indicator and its contribution to WQI is unquestionable. Similarly, the trace metal contaminations are also important due to their potential toxicity for human beings. This is because the increase in concentration of trace metals in potable water will increase the threat to man's health. The higher level of iron sometimes causes a bitter taste and often stains clothes. Excess of zinc in water causes an astringent taste, opalescence in water, gastrointestinal irritation, vomiting, abdominal pain and dizziness.
Therefore, these 10 pre-identified water quality parameters broadly represent two broad categories, viz. physical and chemical. Detailed characterization and variations in ground water quality within the entire study period have been provided in Table 2 . Correlation coefficient for chemical data in waters is presented in Table 3 .
In order to develop rating curves, the tolerance limits (desirable and permissible) for drinking water prescribed by the Bureau of Indian Standards (IS: 2296-, Class C;
IS: 10500-; WHO ) were adopted. The selected variables were converted into values on an interval scale ranging from 0 to 100 in accordance with the extent of water quality from unfit to excellent. The suggested values for these pre-identified variables have been provided in Table 4 , while sensitivity functions (Pi) are illustrated in Table 5 and Figure 2 . It is recommended that the desirable limit is to be implemented. Values in excess of those mentioned under desirable render the water not acceptable, but still may be tolerated in the absence of an alternative source but up to the limits indicated under permissible limit. In no circumstances should water above permissible limits be used. Therefore a water quality rating of '60' may be considered desirable limit for drinking water. A water quality rating of '0' (unfit) was allotted to the concentrations which exceeded or equal to the permissible limits. Excellent water quality rating (100) was considered for concentrations, which were lower than or equal to the desirable standards for drinking water. calculate overall WQI. The simplified mathematical expression for WQI is given by Equation (1) WQI ¼
where Ci represents assigned quality index for individual parameter from the rating curves (Figures 2(a)-2(j) ). The
Pi as illustrated in Table 5 are the sensitivity functions allocated to each pre-identified variable. The sensitivity function is the relative weight from 1 to 4, which has been assigned to each parameter for ground water pertaining to drinking purposes. The sensitivity function 4 denotes a parameter that is most significant (e.g. dissolved oxygen), while the function 1 corresponds to a parameter that has a minimal impact (e.g. chloride). The computed WQI for different sampling locations and seasons were compared with cumulative WQI class proposed for WQI categorization (Table 6 ).
RESULTS AND DISCUSSION
The water quality samples on the extracted factor that results in the WQI scores have been illustrated in Figures 3-6 , while detailed descriptions of the hydro-chemical data are provided in Table 2 . The pH of ground water was alkaline in nature.
The water tends to be more alkaline when it contains carbon- The concentration of chloride and sulphate varied from 8.0 to and Ahrola (GW12) stations with WQI of 70.2, 77.3, 76.0, 85.8, 71.2, 60.9, 83.9, 53.6, 55.1, 64. 2 and 81.0, respectively ( Figure 4) . However, the water quality at Sahbazpur station (GW9 and GW10) were found to be moderately polluted in samples collected during both wet (2007) Taking into account the total number of water quality data sets (48), it should be stressed that no station yielded a WQI value considered excellent, i.e. (100), according to the adopted class (Table 6 ). The depths of the well/hand pumps play an important role in WQI. The total dissolved solids, nitrate, bio-chemical oxygen demand, hardness and iron variables were found to be more responsible to significant decrease in WQI of the study area. This is probably due to the fact that the shallow water is more prone to leached salts and other chemicals released by discharge of industrial effluents, lagoon and effluent irrigation practices.
In addition, effluent irrigation induces a groundwater cycle that increases the salinity in the upper aquifer through irriga- 
CONCLUSIONS
The composition of the WQI has advantages and limitations and seek to fit for a specific purpose. Proximity to the pollution sources (industry, bio-compost site and lagoon) and change in season influenced the concentrations of the water quality parameters. Water quality at almost all sampling stations exhibited modest increase in quality during wet season due to dilution by rains. The WQI around Gajraula varied from 50.6 to 87.7 revealing moderately polluted to good water quality. In totality, the water quality was found to be satisfactory. However, two stations (GW9) and (GW10) were moderately polluted and were not suitable for human consumption without adequate treatment. In the study area, the water quality of upstream sampling location at Bashaili (GW8) revealed highest WQI (87.7), while Sahbazpur (GW9) reflected lowest WQI (50.6). This is a preliminary study and further detailed and comprehensive studies are required. Future research could include long-term monitoring or surveillance of water systems vulnerable to contamination.
The current study is easily interpretable and could serve as a communication tool to inform the local population as well as among different stakeholders (industrialists, farmers, concerned government departments and non-governmental organizations) about the problem of water quality. Finally, it is recommended that water quality between 40 and 60, i.e. moderately polluted, lies under unacceptable category but in the absence of alternative sources, such water can be used with purification done by homegrown methods.
